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(54) Manufacturing method of semiconductor film 



(57) A first semiconductor film made of a nitride 
semiconductor is grown througli epitaxial growth on a 
light transmitting substrate. A themrial decomposition 
layer Is disposed In a space between the substrate and 
the first semiconductor film by Irradiating laser light to 
the first semiconductor film from the bacl< surface of the 
substrate. After a second semiconductor film made of a 



nitride semiconductor is grown through epitaxial growth 
while the first semiconductor film is placed on the sub- 
strate, the temperature of the substrate Is lowered to 
room temperature. Then, by separating and removing 
the substrate from the first and second semiconductor 
films, It is possible to obtain a nitride semiconductor sub- 
strate having an area substantially as large as the area 
of the substrate. 
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Description 

BACKGROUND OF THE INVENTIpN 

[0001 ] The present invention relates to a manufactur- s 
ing method of a semiconductor film or a semiconductor 
substrate used when fabricating semiconductor devic- 
es, such as a semiconductor laser and a field effect tran- 
sistor. 

[0002] Conventionally, it has been known that a com- 
pound semiconductor including N and at least one ele- 
ment selected from Ga, Al, B, As, In, P and Sb in its 
composition (hereinafter, refen^edto as nitride semicon- 
ductor) has a broad bandgap from 1 .9 to 6.2 eV and 
broad bandgap energy from the ultraviolet region to the 
visible region. Therefore, it is a potential semiconductor 
material for light emitting and light receiving devices. A 
typical example of the nitride semiconductor is a com- 
pound semiconductor whose composition is expressed 
by a general fonnula BxAlyGa^ln^.^.y-zN. where 0Sc<1, 
0<y<1 , 0<z<1 , and 0^+y+2<1 . A nitride semiconductor 
device is fabricated by chiefly using sapphire as a crystal 
growth substrate, and a light emitting diode using a GaN 
film fomied on a sapphire substrate and a nitride semi- 
conductor film formed on the GaN film has been com- 
mercially available to date. 

[0003] However, a lattice misfit ratio between the sap- 
phire substrate and GaN is quite high at approximately 
1 6%, and a density of defects of the GaN film grown on 
the sapphire substrate reaches as high as 10^ to IC^ 
cm~^. Such a high density of defects causes a shortened 
useful life of, among others, a blue semiconductor laser 
fabricated on the sapphire substrate. 
[0004] Here, the most idea) substrate available In 
manufacturing the GaN film is, naturally, a GaN sub- 
strate. However, in regard to GaN, nitrogen has an ex- 
tremely high equilibrium vapor pressure in comparison 
with Ga, and for this reason, it is difficult to allow bulk 
crystal growth by the conventional pulling method or the 
like. Hence, there has been proposed a manufacturing 
method of a nitride semiconductor substrate, by which 
a thick GaN film is grown on a substrate made of mate- 
rials other than those of the nitride semiconductor, that 
is, a substrate made of heterogeneous materials (for ex- 
ample, a sapphire substrate, a SIC substrate, a Si sub- 
strate, a GaAs substrate, etc., which is hereinafter re- 
ferred to as the hetero-substrate), and the hetero-sub- 
strate Is removed later. 

[0005] More specifically, as is described in Reference 
1 (Japanese Patent Laid-open Publication No. Hei. 
10-256662), there has been proposed a manufacturing 
method of a nitride semiconductor substrate, by which 
a thick GaN film is grown on a sapphire substrate at a 
high temperature, and the sapphire substrate is re- 
moved later by means of grinding. 
[0006] Also, as is described In Reference 2 (Michael 
K.Kelly et al.. Japanese Journal of Applied Physics, Vol. 
38. P.L217, 1999), there has been proposed another 



2 

manufacturing method of a nitride semiconductor sub- 
strate, by which a thick GaN film is grown on a sapphire 
substrate at a high temperature, and the GaN film is sep- 
arated from the sapphire substrate by irradiation of a la- 
ser beam. 

[0007] Further, as is described in Reference 3 (Japa- 
nese Patent Laid-open Publication No. 2000-12900), 
there has been proposed still another manufacturing 
method of a nitride semiconductor substrate, by which 
a mask provided with a window is fomied on a GaAs 
substrate so that a GaN buffer layer is fomied inside the 
window of the mask at a low temperature, then a thick 
GaN epitaxial layer is grown on the GaN buffer layer by 
the HVPE method at a high temperature, and the GaAs 
substrate is removed later. 

[0008] However, these conventional manufacturing 
methods of a semiconductor film have common incon- 
veniences as follows. 

[0009] That Is, because a high temperature at or 
above 1000^0 is necessary for the growth of GaN crys- 
tals, when GaN grown through epitaxial growth at a high 
temperature is cooled subsequently, it is affected by a 
difference in coefficients of thermal expansion between 
the GaN film thus grown and the hetero-substrate. To 
be more specific, when a thennal stress resulting from 
a difference in coefficients of thenmal expansion is ap- 
plied to the GaN film, a crack or a defect occurs in the 
GaN film or warpage occurs across the GaN film. In par- 
ticular, when the GaN film is as thick as a few hundred 
micrometers approximately, a considerable theimal 
stress is applied to the GaN film, and warpage or a 
breaking occurs more frequently. Hence, it is difficult to 
coo! the GaN film white securing an area substantially 
as large as that of the hetero-substrate. 

SUMMARY OF THE INVENTION 

[001 0] It is therefore an object of the present invention 
to provide a manufacturing method of a semiconductor 
film capable of controlling the occurrence of a breaking 
or warpage while securing a nitride semiconductor film 
substantially as large as the substrate. 
[0011] A manufacturing method of a semiconductor 
film of the present invention is a method, Including: a 
step (a) of forming a first semiconductor film on a light 
transmitting substrate; a step (b) of separating contact 
between the substrate and the first semiconductor film 
at least at a part of an interface thereof by irradiating 
light in a space between the substrate and the first sem- 
iconductor film; and a step (c) of allowing growth of a 
second semiconductor film on the first semiconductor 
fitm while the first semiconductor film is placed on the 
substrate, at least the first and second semiconductor 
films being used as a semiconductor substrate. 
[0012] According to this method, the light irradiation 
in the step (b) fomis a thermal decomposition layer be- 
tween the first semiconductor film and the substrate. 
When the substrate is cooled after the second semtoon- 



EP 1 244 139 A2 



15 



20 



25 



30 



35 



40 



45 



50 



2 



I 



3 EP1 244139A2 



ductor film is formed on the first semiconductor film in 
the step (c), the themnal decomposition layer absorbs 
the stress, thereby making it possible to reduce the 
stress applied to the second semiconductor film to the 
least possible. 5 
[0013] In the step (b), at least a part of a region of the 
first semiconductor film adjacent to the substrate may 
be turned into the thermal decomposition layer. In such 
a case, in the step (b), the contact between the first sem- 
Iconductorfilm and the substrate may be separated at io 
the Interface thereof almost entirely, or the contact be- 
tween the first semtconductorf itm and the substrate may 
be separated only at a part of the interface thereof. 
[0014] By arranging the manufacturing method so as 
to further-indude a step of fomriing a first mask provided ^5 
with an opening portion on the substrate before the step 
(a), and in such a manner that, in the step (a), the first 
semiconductor film is grown on the substrate from a por- 
tion exposed through the opening portion of the first 
mask, it Is possible to obtain the first semtoonductor film ^ 
with regions having fewer defects, such as a dislocation; 
above the mask. 

[0015] By covering a side surface of the substrate with 
the first mask, it becomes easier to obtain a free-stand- 
ing wafer by separating the substrate from the first and 2s 
second semiconductor films. 

[0016] The manufacturing method Is preferably ar- 
ranged in such a manner that the first mask transmits 
light, and in the step (b), contact between the first sem- 
iconductor film and the first mask is separated at least 30 
at a part of an interface thereof. 
[0017] By arranging the manufacturing method so as 
to further include a step of forming, on the first semicon- 
ductor film, a second mask covering at least above the 
opening portion of the first mask and provided with an 3s 
opening portion above the first mask after the step (a) 
and before the step (b), and in such a manner that, in 
the step (c), the second semiconductor film is grown on 
the first semiconductor film from a portion positioned at 
the openin g portion of the second mask, it is possible to 40 
obtain the second semiconductor film having fewer de- 
fects as a whole. 

[0018] The first mask is preferably formed from at 
least one film selected from an oxide film, a nitride film, 
an oxynitride film, and a refractory metal film. 45 
[0019] By arranging the manufacturing method so as 
to further include a step of forming, on the first semicon- 
ductor film, a third mask provided with an opening por- 
tion and furnished with a function of interfering with crys- 
tal growth of the second semiconductor film after the so 
step (a) and before the step (b), and in such a manner 
that, in the step (c), the second semiconductor film Is 
grown on the first semiconductor film from a portion ex- 
posed through the opening portion of the third mask, it 
is possible to obtain the second semiconductor film with ss 
regions having fewer defects above the third mask. 
[0020] By arranging the manufacturing method so as 
to further include a step of forming a fourth mask pro- 
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vided with an opening portion on the first semiconductor 
film after the step (a) and before the step (b), and a step 
of removing a region of the first semiconductor film po- 
sitioned at the opening portion of the fourth mask by 
etching away the first semiconductor film with the fourth 
mask after the step (b) and before the step (c), and In 
such a manner that, in the step (c), the second semi- 
conductor film is grown on the first semiconductor film 
from a portion exposed through the opening portion of 
the first semiconductor film, it is possible to obtain the 
second semiconductor film having a low density of de- 
fects as a whole. 

[0021] In the step (a), a compound semiconductor film 
including nitrogen may be fonmed as the first semicon- 
ductor film. 

[0022] In the step (a), a compound semiconductor film 
including N and at least one element selected from Ga, 
Al. B, As, In, P and Sb In a composition thereof may be 
fomied as the first semiconductor film. 
[0023] In the step (c), a compound semlconductorf llm 
including nitrogen may be fonned as the second semi- 
conductor film. 

[0024] In the step (c), a compound semlconductorf llm 
including N and at least one element selected from Ga, 
Al, B, As, In, P and Sb in a composition thereof may be 
fonmed as the second semiconductor film. 
[0025] In the step (a), It Is preferable to set a thickness 
of the first semiconductor film to 200 pm or less. 
[0026] In the step (b), it is preferable that a value of 
irradiation energy of the light is set |n a range from 0.1 
J/cm2 to 20 J/cm2 both inclusive. 
[0027] By further including a step (d) of removing the 
substrate after the step (c), it is possible to obtain the 
second semiconductor film functioning as a free-stand- 
ing wafer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

FIGS. 1A through IE are partial cross sections 
showing a manufacturing method of a semiconduc- 
tor film according to a first embodiment of the 
present invention; 

FIGS. 2 A through 2E are partial cross sections 
showing a manufacturing method of a semiconduc- 
tor film according to a second embodiment of the 
present invention; 

FIGS. 3A through 3E are partial cross sections 
showing a manufacturing method of a semiconduc- 
tor film according to a third embodiment of the 
present invention; 

FIGS. 4A through 4F are partiaj cross sections 
showing a manufacturing method of a semiconduc- 
tor film according to a fourth embodiment of the 
present invention; 

FIGS. 5A through 5E are cross sections showing a 
manufacturing method of a semiconductor film ac- 
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cording to a fifth embodiment of the present inven- 
tion; 

FiGS. 6A through 6E are partial cross sections 
showing a manufacturing method of a semiconduc- 
tor film according to a sixth embodiment of the 
present Invention; and 

FIGS. 7A through 7E are partial cross sections 
showing a manufacturing method of a semiconduc- 
tor fitm according to a seventh embodiment of the 
present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[First Embodiment] 

[0029] FIGS. 1 A through 1 E are partial cross sections 
(the illustration of the side surface of the substrate in the 
cross sections is omitted herein) showing a manufactur- 
ing method of a semiconductor film according to a first 
embodiment of the present invention. 
[0030] Initially. In the step shown in FIG. 1A, a sap- 
phire substrate 1 1 having its principal plane of a C plane, 
that is, a (0001) plane, and having a diameter of two 
inches (approximately 50.8 mm) and a thickness of 300 
\im is prepared. Then, the sapphire substrate 11 is set 
In an HVPE apparatus, and from the upstreann end of a 
reactor fumace, a GaCI gas produced by Ga metal and 
an HCI gas and an ammonia gas (NH3) are supplied as 
raw material gases and a nitrogen gas (Ng) is supplied 
as a earner gas while the sapphire substrate 11 is kept 
heated. According to this hydride vapor phase epitaxy 
method (HVPE method), a 30-nm-thickGaN buffer layer 
(not shown) is initially grown through epitaxial growth on 
the principal plane of the sapphire substrate 1 1 while the 
sapphire substrate 11 is kept heated at 500*^0. Then, 
the temperature of the sapphire substrate 11 Is raised 
to 1000°C, whereby a 50-nm-thick GaN film 12, which 
is a first semiconductor film, is grown through epitaxial 
growth. Herein, because the thickness of the GaN buffer 
layer is almost negligible in comparison with the thick- 
ness of the GaN film 12, hereinafter, the phrase "GaN 
film 1 2" is construed to Include the GaN buffer layer un- 
less otherwise specified. Also, the sapphire substrate 
11 with the GaN film 12 or the like formed thereon Is 
simply referred to as the epitaxial substrate. 
[0031] Then, the sapphire substrate 11 and the GaN 
film 1 2 are cooled to room temperature within the HVPE 
apparatus. 

[0032] At this point, the thk^kness of the GaN film 12 
Is approximately 50 \im, which is not too thick, and there- 
fore, warpage occurs across the epitaxial substrate due 
to a difference in coefficients of thermal expansion be- 
tween the sapphire substrate 11 and the GaN film 12, 
but such warpage is quite small. Also, a breaking or a 
chipping hardly occurs In the epitaxial substrate as a 
whole, 

[0033] Herein. If the thickness of the GaN film 12 is 
Increased, warpage becomes noticeable, and for this 



reason, when a sapphire substrate measuring two inch- 
es across is used, the thickness of the GaN film 12 is 
preferably 200 |xm or less, and more preferably, 100 ^im 
or less. It should be noted, however, that the upper limit 
5 of the preferable range as to the thickness of the GaN 
film 12 also depends on the thickness of the sapphire 
substrate 11 used. Also, in temns of controlling warpage 
and a breaking in the GaN film 12, no lower limit is set 
as to the thickness of the GaN film 12, and even if a total 
thickness of the GaN fitm 12 and GaN buffer layer is as 
small as 10 (im approximately, as long as the treatment 
discussed below is applicable, the advantages of the 
present Invention can be exerted. 
[0034] Then, in the step shown in FIG. 1 B, the epitax- 
ial substrate is taken out from the HVPE apparatus, and 
laser light is irradiated to the GaN film 1 2 (including the 
GaN buffer layer) from the back surface of the sapphire 
substrate 11, whereby the sapphire substrate 11 and 
GaN film 12 are separated from each other. A beam of 
jaser used herein is the third harmontes (355 nm) from 
a Nd/YAG laser, and has irradiation energy of 0.3 J/cm^, 
a pulse width of 5 ns, and a beam spot of 100 p.m as a 
spot of irradiated laser light. The absorption edge wave- 
length of sapphire is shorter than a wavelength of the 
laser light, and the absorption edge wavelength of GaN 
(approximately 360 to 370 nm) is longer than the wave- 
length of the laser light. Hence, the laser light passes 
through the sapphire substrate 11, whereas GaN ab- 
sorbs the laser light and generates heat. By increasing 
the energy density of the laser light satisfactorily, a por- 
tion of the GaN film 12 (including the GaN buffer layer) 
In contact with the sapphire substrate 11, that is, the 
back surface portion, is decomposed in the vicinity of 
the interface by the heat thus generated, whereby a 
thermal decomposition layer 14 resulting from the de- 
composition of GaN is formed in a space between the 
sapphire substrate 11 and the GaN film 12. In the 
present embodiment, such a phenomenon can be con- 
finned when the energy density of the laser light is nearly 
0.4 J/cm2 or higher. 

[0035] Hence, in the step shown in FIG. 1 C, by scan- 
ning a beam of laser light to the sapphire substrate 11 
entirely, the thennal decomposition layer 14 resulting 
from the decomposition of GaN is disposed entirely in a 
space between the sapphire substrate 11 and the GaN 
film 12. In general, the thermal decomposition layer 14 
is a phase present as a mixture of liquid-drops of Ga, 
that is, droplets of Ga formed when N evaporates, and 
solid fine particles. 

[0036] Then, by using the surface tension of the ther- 
mal decomposition layer 14, it is possible to allow the 
sapphire substrate 11 and the GaN film 12 to adhere to 
each other. A preferable quantity of droplets of Ga to 
allow the sapphire substrate 11 and the GaN film 12 to 
adhere to each other by means of the thermal decom- 
position layer 14 is detennined by irradiation energy of 
a beam of laser, and a value of the energy is in a range 
from 0.1 J/cm2 to 20 J/ cm2. 
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[0037] Then, in the step shown in FIG. 1 D, the epitax- 
ial substrate is introduced again into the HVPE appara- 
tus while the GaN film 1 2 is placed on the sapphire sub- 
strate 11. Then, the epitaxial substrate is subjected to 
themnal cleaning by being heated to 700° C. after which 
the temperature of the epitaxial substrate is raised to 
1000°C, whereby a 500-pjTi-thtck GaN film 15. which Is 
a second semiconductor film, is grown through epitaxial 
growth on the GaN film 12. 

[0038] Subsequently, in the step shown in FIG. IE, 
the temperature of the substrate is lowered to room tem- 
perature. At this point, even if the sapphire substrate 11 
and the GaN films 12 and 15 adhere to each other by 
means of the thermal decomposition layer 14, because 
the thermal decomposition layer 14 Is composed of a 
fluid including liquid-drops, a thermal stress resulting 
from a difference in coefficients of thennal expansion 
between the sapphire substrate 11 and the GaN films 
12 and 15 is applied liUle to the GaN films 12 and 15. 
Then, the sapphire substrate 11 is separated and re- 
moved from the GaN film 12 and the GaN film 15. As a 
result, a GaN substrate 1 6 having an area substantially 
as large as that of the sapphire substrate 11 is formed 
from the GaN films 12 and 15 and the thermal decom- 
position layer 14. 

[0039] According to the manufacturing method of the 
semiconductor film of the present embodiment, laser 
light is irradiated to the GaN film 12 (including the GaN 
buffer layer in the present embodiment), which Is the thin 
first semiconductor film formed on the sapphire sub- 
strate 11, from the back surface of the sapphire sub- 
strate 11, and the thick GaN film 15 is grown through 
epitaxial growth after the sapphire substrate 11 Is sep- 
arated from the GaN film 12. Hence, when the epitaxial 
substrate is cooled later, the GaN films 12 and 15 are 
already separated from the sapphire substrate 11 by 
means of the themial decomposition layer 14, so that a 
themnal stress resulting from a difference in coefficients 
of thermal expansion is hardly produced even if the GaN 
film 15 is grown thick. Hence, it is possible to obtain the 
GaN substrate 1 6 hardly causing a breaking or warpage 
while securing a large area, which will be made into a 
so-called free-standing nitride semiconductor wafer (a 
wafer made of only the nitride semiconductor excluding 
any material other than the nitride semiconductor). 
[0040] Thermal decomposition during Irradiation of a 
laser beam leaves irregular projections and depressions 
on the back surface of the GaN sui:>strate 1 6, that is, the 
surface on the GaN film 12 side, and the back surface 
may be polished until It becomes flat. 

[Second Embodiment] 

[0041 ] FIGS . 2A through 2E are partial cross sections 
(the illustration of the side surface of the substrate at the 
both ends is omitted herein) showing a manufacturing 
method of a semiconductor film according to a second 
embodiment of the present invention. 



[0042] In the step shown in FIG. 2A, the same treat- 
ment as the one in the step shown In FIG. 1 A of the first 
embodiment is applied. More specifically, a GaN buffer 
layer (not shown) and a GaN film 12 are grown through 
5 epitaxial growth on a sapphire substrate 1 1 through the 
HVPE method. The conditions specified in the first em- 
bodiment are applied herein. 

[0043] In the present embodiment also, the phrase 
"GaN film 1 2" Is construed to include the GaN buffer lay- 

10 er unless otherwise specified. In addition, the sapphire 
substrate 1 1 with the GaN film 1 2 or the like formed ther- 
eon Is simply referred to as the epitaxial substrate. 
[0044] Then, the sapphire substrate 11 and the GaN 
film 1 2 are cooled to room temperature within the HVPE 

15 apparatus. 

[0045] At this point, the thickness of the GaN film 12 
of the present embodiment Is approximately 10 ^m, 
which is not too thick, and therefore, warpage occurs 
across the epitaxial substrate due to a difference in co- 

20 efficients of thermal expansion between the sapphire 
substrate 11 and the GaN film 12, but such warpage is 
quite small. Also, a breaking or a chipping hardly occurs 
in the epitaxial substrate as a whole. 
[0046] Then, in the step shown in FIG. 2B, the epltax- 

25 iai substrate is taken out from the HVPE apparatus, and 
laser light is in^adlated to the GaN film 12 (including the 
GaN buffer layer) from the back surface of the sapphire 
substrate 11, whereby the sapphire substrate 11 and 
GaN film 12 are separated from each other. A beam of 

30 laser specified in the first embodiment is also used here- 
in. Hence, like in the first embodiment, GaN is decom- 
posed in a portion of the back surface portion of the GaN 
film 12 where laser light was irradiated, whereby the 
GaN film 12 at a region where laser light was irradiated 

35 is separated from the sapphire substrate 11. Then, in 
the region where laser light was irradiated, a themnal de- 
composition layer 14 resulting from decomposition of 
GaN is disposed in a space between the sapphire sub- 
strate 11 and the GaN film 12. In the present embodi- 

40 ment also, such a phenomenon can be confimied when 
the energy density of the laser light is neariy 0.4 J/cm^ 
or higher. 

[0047] At this point, In the present embodiment, as 
shown in FIG. 2B, a beam of laser light scans the sap- 

45 phire substrate 11 linearly in the < 1 1 -2 0 > direction, 
and such linear scanning is repeated with a pitch interval 
of 1 mm in a direction that Intersects at right angles with 
the < 1 1 -2 0 > direction. Here, in the index < 1 1-2 0 
>, "-2" represents a code "2 bar", which is defined ac- 

so cording to the conventions of the indices for the crystal- 
line structure. In short, "bar^ Is expressed by a minus 
sign and precedes a figure. Hereinafter, as to the plane 
orientation, for example, "2 bar'* is expressed as "-2" ac- 
cording to the indices. 

S5 [0048] Then, in the step shown in FIG. 2C, by scan- 
ning a beam of laser light across the sapphire substrate 
11 . a themnal decomposition layer 18 resulting from de- 
composition of GaN is disposed in a space between the 
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sapphire substrate 11 and the GaN film 12 in a stripe 
pattern having its lengthwise direction in the < 1 1 -2 0 
> direction. The thennal decomposition layer 18 is gen- 
erally a phase present as a mixture of liquid-drops of 
Ga, that is, droplets of Ga formed when N evaporates, 
and solid fine particles. 

[0049] Then, in the step shown in FIG. 2D, the epitax- 
ial substrate is introduced again into the HVPE appara- 
tus while the GaN film 1 2 is placed on the sapphire sub- 
strate 11 . Then, the epitaxial substrate Is subjected to 
thermal cleaning by being heated to 700''C. after which 
the temperature of the epitaxial substrate is raised to 
1000**C, whereby a 500-nm-thick GaN film 15. which Is 
a second semiconductor film, is grown through epitaxial 
growth on the GaN film 12. 

[0050] Subsequently, the temperature of the sub- 
strate Is lowered to room temperature. At this point, the 
sapphire substrate 1 1 and the GaN film 1 2 are In contact 
with each other only partially because of the presence 
of the stripe-wise thennal decomposition layer 1 8, and 
for this reason, a thenmal stress produced while the tem- 
perature is lowered is reduced compared with a thenmal 
stress produced when the sapphire substrate 1 1 and the 
GaN film 1 2 are in contact with each other entirely. 
[0051] Then, in the step shown in FIG. 2E, the sap- 
phire substrate 11 Is separated and removed from the 
GaN film 12 and the GaN film 15 by decomposing a re- 
gion of the GaN film 1 2 in contact with the sapphire sub- 
strate 11 with irradiation of a laser beam again or by 
grinding the sapphire substrate 11 . As a result, a GaN 
substrate 1 9 (free-standing nitride semiconductor wa- 
fer) having an area substantially as large as that of the 
sapphire substrate 11 Is formed from the GaN films 12 
and 15 and the themrtal decomposition layer 18. 
[0052] In the present embodiment, when the epitaxial 
substrate is cooled after the GaN film 15 is fomried, a 
thermal stress resulting from a difference In coefficients 
of themnal expansion between the sapphire substrate 
1 1 and the GaN films 1 2 and 1 5 and applied to the GaN 
films 1 2 and 1 5 is so weak that it is possible to suppress 
the occurrence of a breaking and warpage in the GaN 
films 12 and 15. In particular, the present embodiment 
can offer an advantage that the HVPE process and rais- 
ing and dropping of the temperature can be conducted 
during the epitaxial growth of the GaN film 15 while 
keeping the in-contact state of the GaN film 12 and the 
sapphire substrate 11 in a more secure manner. 
[0053] In particular, If the sapphire substrate 1 1 is sep- 
arated and removed from the GaN films 12 and 15 after 
the cooling, substantially no thenmal stress is applied to 
the GaN substrate 1 9. As a result, it is possible to obtain 
the GaN substrate 19, which is a free-standing wafer 
measuring two inches across. 
[0054] Thenmal decomposition during in-adiation of a 
laser beam leaves irregular projections and depressions 
on the back surface of the GaN substrate 1 9, that is, the 
surface on the GaN film 12 side, and the back surface 
may be polished until It becomes flat. 



[0055] Also, the stripe-wise themrtal decomposition 
layer 1 8 is formed partially in a space between the sap- 
phire substrate 1 1 and the GaN film 1 2. It should be ap- 
preciated, however, that the pattern of the partially 
5 fornied thermal decomposition layer 1 8 is not limited to 
a stripe-wise pattern, and the same advantages as 
those in the present embodiment can be exerted wheth- 
er the pattern is a dot-wise pattern , a tessellated pattern, 
etc. 

10 [0056] In addition, in the present embodiment, the 
sapphire substrate 1 1 is removed from the GaN films 12 
and 15. However, the sapphire substrate 1 1 may be left 
Intact, so that all the sapphire substrate 11 and the GaN 
films 12 and 15 are used as one substrate in fabricating 

15 a device, such as a laser element. 

[Third Embodiment] 

[0057] FIGS. 3A through 3E are partial cross sections 
20 (the illustration of the side surface of the substrate at the 
both ends is omitted herein) showing a manufacturing 
method of a semiconductor film according to a third em- 
bodiment of the present invention. 
[0058] In the step shown in FIG. 3A, the same treat- 
25 ment as the one in the step shown in FIG. 1 A of the first 
embodiment is applied. More specifically, a 30-nm-thick 
GaN buffer layer (not shown) and a 50-^m-thick GaN 
film 1 2 are grown through epitaxial growth on a sapphire 
substrate 1 1 by the HVPE method. The conditions spec- 
ie ified in the first embodiment are applied herein. 

[0059] In the present embodiment also, the phrase 
"GaN film 1 2" is construed to Include the GaN buffer lay- 
er unless otherwise specified. In addition, the sapphire 
substrate 1 1 with the GaN film 1 2 or the like formed ther- 
ms eon is simply referred to as the epitaxial substrate. 
[0060] Then, the sapphire substrate 11 and the GaN 
film 1 2 are cooled to room temperature within the HVPE 
apparatus. 

[0061] Subsequently, a 100-nm-thick Si02 film is 
40 formed on the GaN film 1 2 by means of sputtering, and 
the SiOj film is patterned by means of photolithography 
and wet etching, whereby a mask 21 made of SiOj is 
fomied. The mask 21 has a stripe pattern having a width 
of 5 \im and a pitch interval of 5 \xm, and the lengthwise 
45 direction of the stripe pattern is the < 1 1 -2 0 > direction 
of the GaN film 12. 

[0062] Then, in the step shown in FIG. 3B, the epitax- 
ial substrate is taken out from the HVPE apparatus, and 
laser light is irradiated to the GaN film 12 (including the 

50 GaN buffer layer) from the back surface of the sapphire 
substrate 11, whereby the sapphire substrate 11 and 
GaN film 1 2 are separated from each other. A beam of 
laser and a beam spot of the laser light specified in the 
first embodiment are also used herein. Hence, by scan- 

S5 ning a beam of laser light to the sapphire substrate 11 
entirely, a thermal decomposition layer 1 4 resulting from 
decomposition of GaN is disposed entirely in a space 
between the sapphire substrate 11 and the GaN film 12. 
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The thermal decomposition layer 14 is generally a 
phase present as a mixture of liquid-drops of Ga, that 
is, droplets of Ga formed when N evaporates, and solid 
fine particles. 

[0063] Then , in the step shown in FIG. 3C. the epitax- 
ial substrate is introduced again into the HVPE appara- 
tus while the GaN film 1 2 is placed on the sapphire sub- 
strate 11. Then, the epitaxial substrate is subjected to 
themnal cleaning by being heated to 700° C, after which 
the temperature of the epitaxial substrate is raised to 
1000*0, whereby a 500-p.m-thlck GaN film 15, which Is 
a second semiconductor film, is grown through epitaxial 
growth on the GaN film 12. 

[0064] Herein, because the mask 21 is made of SiOg, 
which is a material that interferes with the epitaxial 
growth of GaN crystals, the GaN film 15 is not grown on 
the mask 21 , and starts being grown through epitaxial 
growth on the GaN film 12 from portions positioned at 
the opening portions of the mask 21 . When the GaN film 
15 is grown through epitaxial growth to reach the top 
end of the mask 21, the GaN crystals are then grown 
through lateral growth along the surface of the mask 21 . 
[0065] Then, as shown in FIG. 3D, the GaN crystals 
grown upward through the opening portions of the mask 
21 and the GaN crystals grown through lateral growth 
along the surface of the mask 21 from the top end of 
each opening portion of the mask 21 are combined with 
each other, and eventually fomi the GaN film 1 5 that en- 
tirely covers the mask 21 and the opening portions 
thereof. 

[0066] At this point, a defect, such as a dislocation 
caused by a lattice misfit between the GaN film 12 and 
the sapphire substrate 1 1 and extending in a vertical di- 
rection, is propagated through the GaN film 15 in the 
regions positioned above the opening portions of the 
mask 21 . However, propagation of a defect, such as a 
dislocation present in the GaN film 12, is prevented 
through the GaN film 1 5 In the regions positioned above 
the mask 21 , and substantially no dislocation is present 
in these regions. In the present embodiment, a density 
of dislocations of the GaN film 15 in the regions posi- 
tioned above the mask 21 is one to two orders lower 
than that of the GaN film 15 manufactured In the first 
embodiment. 

[0067] Subsequently, in the step shown In FIG. 3E, 
the temperature of the substrate Is lowered to room tem- 
perature. At this point, even if the sapphire substrate 11 
and the GaN films 12 and 15 adhere to each other by 
means of the thermal decomposition layer 14, because 
the themial decomposition layer 14 is composed of a 
fluid including liquid-drops, a thermal stress resulting 
from a difference in coefficients of thenmal expansion 
between the sapphire substrate 11 and the GaN films 
12 and 15 is applied little to the GaN films 12 and 15. 
Then, the sapphire substrate 11 is separated and re- 
moved from the GaN films 12 and 15 and the mask 21 . 
As a result, a GaN substrate 23 (free-standing nitride 
semiconductor wafer) having an area substantially as 



large as that of the sapphire substrate 1 1 is fonmed from 
the GaN films 1 2 and 1 5, the mask 21 , and the thermal 
decomposition layer 14. 

[0068] According to the present embodiment, the 

5 same advantages as those of the first embodiment can 
be exerted. In addition, according to the present embod- 
iment, it is possible to obtain the GaN substrate 23 hav- 
ing partial regions where a density of dislocations is iow. 
[0069] The back surface of the GaN substrate 23, that 

10 is, the surface in contact with the sapphire substrate 1 1 , 
may be polished until it becomes flat. Further, in case 
that the mask 21 made of Si02 causes inconveniences 
in the latter steps, the back surface may be polished until 
the GaN film 12 and the mask 21 are removed. 

f5 [0070] Also, in the present embodiment, laser light is 
irradiated after the mask 21 is formed, so that the GaN 
film 1 2 and the sapphire substrate 1 1 are separated from 
each other entirely at the interface. However, as was in 
the second embodiment, the contact between these 

20 components may be separated only at partial regions at 
the interface. In this case, the GaN substrate can be ob- 
tained by decomposing a contact portion with irradiation 
of a laser beam again or by removing the sapphire sub- 
strate 11 by means of grinding after the GaN film 15 is 

25 formed. Alternatively, the sapphire substrate 1 1 may be 
left intact, so that all the sapphire substrate 1 1 and the 
GaN films 12 and 15 are used as one substrate in fab- 
ricating a device, such as a laser element. 
[0071] Also, in the present embodiment, a stripe-wise 

30 pattern is given as a plane pattern of the mask 21 . How- 
ever, the same advantages as those in the present em- 
bodiment can be attained whether the pattem is a dot- 
wise pattern, a tessellated pattern, etc. 
[0072] Further, in the present embodiment, because 

35 the Si02 film is hardly deposited on the side surface of 
the sapphire substrate 1 1 , the explanation was given on 
the precondition that the mask 21 does not cover the 
side surface of the sapphire substrate 11 . However, by 
depositing a thicker Si02 film by means of GVD, itispos- 

40 sible to cover the side surface of the sapphire substrate 
1 1 with the mask 21 . In such a case, there can be offered 
extra advantages that the sapphire substrate can be re- 
moved more readily because the GaN films 12 and 15 
are not deposited on the side surface of the sapphire 

45 substrate 1 1 . 

[Fourth Embodiment] 

[0073] FIGS. 4A through 4F are partial cross sections 
50 (the illustration of the side surface of the substrate at the 
both ends is omitted herein) showing a manufacturing 
method of a semiconductor film according to a fourth 
embodiment of the present invention. 
[0074] In the step shown in FIG. 4A, a 100-nm-thick 
55 Si02 film is fomied on a sapphire substrate 1 1 by means 
of sputtering, and the Si02 film is patterned by means 
of photolithography and wet etching, whereby a mask 
24 made of Si02 is formed. The mask 24 has a stripe 



7 



13 



EP 1 244 139 A2 



14 



pattern having a width of 5 nm and a pitch interval of 5 
Jim, and the lengthwise direction of the stripe pattern Is 
the < 1 -1 0 0 > direction of the sapphire substrate 11 . 
[G075] Then. In the step shown in FIG. 4B, the sap- 
phire substrate 11 Is Introduced into an HVPE appara- s 
tus, and a 30-nm4hick GaN buffer layer (not shown) and 
a 80-nm-thick GaN film 12 are grown through epitaxial 
growth on the sapphire substrate 11 by the HVPE meth- 
od. The conditions specified in the first embodiment are 
applied herein. 

[0076] Herein, because the mask 24 Is made of Si02, 
which is a material that interferes with the epitaxial 
growth of GaN crystals, the GaN film 12 is not grown on 
the mask 24, and starts being grown through epitaxial 
growth on the sapphire substrate 11 from portions posi- 
tioned at the opening portions of the mask 24. When the 
GaN film 12 Is grown through epitaxial growth to reach 
the top end of the mask 24, the GaN crystals are then 
grown through lateral growth along the surface of the 
mask 24. 

[0077] Then, as shown in FIG. 4C, the GaN crystals 
grown upward through the opening portions of the mask 
24 and the GaN crystals grown through lateral growth 
along the surface of the mask 24 from the top end of 
each opening portion of the mask 24 are combined with 
each other, and eventually forni the GaN film 1 2 that en- 
tirely covers the mask 24 and the opening portions 
thereof. 

[0078] At this point, a defect, such as a dislocation 
caused by a lattice misfit between the GaN film 12 and 
the sapphire substrate 1 1 and extending in a vertical di- 
rectlon, is propagated through the GaN film 12 in the 
regions positioned above the opening portions of the 
mask 24. However, propagation of a defect, such as a 
dislocation, is prevented through the GaN film 12 In the 
regions positioned above the mask 24, and substantially 
no dislocation is present in these regions. In the present 
embodiment, a density of dislocations of the GaN film 
12 in the regions positioned above the mask 24 is one 
to two orders lower than that of the GaN film 1 2 manu* 
factured in the first embodiment. 
[0079] Then , In the step shown in FIG . 4D, the epitax- 
ial substrate Is taken out from the HVPE apparatus, and 
laser light is irradiated to the GaN film 12 (Including the 
GaN buffer layer) from the back surface of the sapphire 
substrate 11, whereby the sapphire substrate 11 and 
GaN film 12 are separated from each other. A beam of 
laser specified In the first embodiment is also used here- 
in. 

[0080] At this point, the laser light passes through the 
sapphire substrate 11 and the mask 24, whereas the 
back surface portion of the GaN film 12 absorbs the la- 
ser light and generates heat. By increasing the energy 
density of the laser light satisfactorily, a portion of the 
GaN film 12 (including the GaN buffer layer) in contact 
with the sapphire substrate 1 1 and the mask 24, that is, 
the back surface portion, is decomposed in the vicinity 
of the interface by the heat thus generated. As a result, 



a portion of the GaN film 12 where laser light was irra- 
diated is separated from the sapphire substrate 11 and 
from the mask 24. In the present embodiment, such a 
phenomenon can be confirmed when the energy density 
of the laser light is nearly 0.4 J/cm^ or higher. 
[0081] Hence, by scanning a beam of laser light to the 
sapphire substrate 11 entirely, a thermal decomposition 
layer 25 resulting from decomposition of GaN is dis- 
posed in a space between the substrate 1 1 and the GaN 
film 12 and between the mask 24 and the GaN film 1 2. 
The thermal decomposition layer 25 is generally a 
phase present as a mixture of liquid-drops of Ga, that 
is, droplets of Ga fonmed when N evaporates, and solid 
fine particles. 

[0082] Because of the surface tension of the droplets 
of Ga produced at the time of decomposition, the GaN 
film 1 2 seldom peels off from the sapphire substrate 1 1 . 
[0083] Then, in the step shown in FIG. 4E, the epitax- 
ial substrate is introduced again into the HVPE appara- 
tus while the GaN film 1 2 is placed on the sapphire sub- 
strate 11. Then, the epitaxial substrate Is subjected to 
thenmal cleaning by being heated to 700°C, after which 
the temperature of the epitaxial substrate is raised to 
1000'*C, whereby a 500-M.m-thick GaN film 15, which is 
a second semteonductorfitm, is grown through epitaxial 
growth on the GaN film 12. 

[0084] Subsequently, in the step shown in FIG. 4F, the 
temperature of the substrate Is lowered to room temper- 
ature. At this point, even if the sapphire substrate 1 1 and 
the GaN films 1 2 and 1 5 adhere to each other by means 
of the thermal decomposition layer 25. because the ther- 
mal decomposition layer 25 is composed of a fluid in- 
cluding liquid-drops, a thermal stress resulting from a 
difference in coefficients of thermal expansion between 
the sapphire substrate 11 and the GaN films 12 and 15 
is applied little to the GaN films 12 and 15. Then, the 
sapphire substrate 1 1 is separated and removed from 
the GaN film 1 2 and the GaN film 1 5. As a result, a GaN 
substrate 26 (free-standing nitride semiconductor wa- 
fer) having an area substantially as large as that of the 
sapphire substrate 11 is formed from the GaN films 12 
and 15 and the thermal decomposition layer 25. 
[0085] According to the present embodiment, the 
sarrie advantages as those of the first embodiment can 
be exerted. In addition, according to the present embod- 
iment, it is possible to lower a density of dislocations of 
the GaN film 12, and as a result, it is also possible to 
lower a density of dislocations of the GaN film 15 grown 
through epitaxial growth on the GaN film 12. 
[0086] If the mask 24 is made of materials that do not 
transmit laser light, then the sapphire substrate 11 and 
the GaN film 12 remain adhering fixedly to each other 
through the mask 24. Even in such a case, It is possible 
to obtain the GaN substrate 26 by removing the mask 
24 by means of wet etching following the removal of the 
sapphire substrate 11 . 

[0087] Also, in the present embodiment, the sapphire 
substrate 11 and the GaN film 12 are separated from 
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each other entirety. However, as was in the second em- 
bodiment, these components may be separated only 
partially, in this case, the GaN substrate can be obtained 
by decomposing a portion of the GaN film 12 in contact 
with the sapphire substrate 11 with irradiation of a laser 
beam again or by removing the sapphire substrate 1 1 
by means of grinding after the GaN film 15 is fomried. 
Altematively, the sapphire substrate 11 may be left in- 
tact, so that all the sapphire substrate 11 and the GaN 
films 12 and 15 are used as one substrate in fabricating 
a device, such as a laser element. 
[0088] Also, a stripe is given as a shape of the mask 
24. However, the same advantages can be attained 
whether the pattern is a dot-wise pattem, a tessellated 
pattem, etc. 

[Fifth Embodiment] 

[0089] In the first through fourth embodiments above, 
only the partial cross sections of the sapphire substrate 
11 were illustrated, and the illustration of the side sur- 
face of the substrate at the both ends was omitted. How- 
ever, it is general that the GaN film 12 (including GaN 
buffer layer) and the GaN film 15 by the HVPE method 
are grown through epitaxial growth also on the side sur- 
face of the sapphire substrate 11 . Also, when the ther- 
mal decomposition layer is fomied by irradiation of laser 
light, the back surface portion of the plane portion of the 
GaN film 12 is readily decomposed, but it is generally 
difficult to decompose a region in the vicinity of the in- 
terface of the GaN film 12 and the sapphire substrate 
1 1 because laser tight is hardly in^adiated to the side sur- 
face portion. Hence, if the sapphire substrate 11 and the 
GaN films 12 and 15 are heated in trying to remove the 
sapphire substrate 1 1 later, for example, a crack may 
occur as a themnal stress is Intensively applied to the 
outer circumference portion of the GaN films 1 2 and 1 5. 
In order to prevent such an inconvenience, it is neces- 
sary to cut the circumference of the sapphire substrate 
11 by means of grinding or the like. 
[0090] Thus, the present embodiment will describe a 
countenneasure that obviates such treatment. 
[0091] FIGS. 5A through 5E are cross sections show- 
ing a manufacturing method of a semiconductor film ac- 
cording to a fifth embodiment of the present invention. 
[0092] In the step shown in FIG. 5A, a 100-nm-thick 
Si02 film is formed on the top surface and the side sur- 
face of a sapphire substrate 11 by means of CVD, and 
the Si02 film is patterned by means of photolithography 
and wet etching, whereby a mask 31 made of SiOg is 
formed. The mask 31 covers the side surface and the 
outer circumference portion of the top surface of the 
sapphire substrate 11. 

[0093] Then, in the step shown in FIG. 5B, the sap- 
phire substrate 11 is introduced into an HVPE appara- 
tus, and a 30-nm-thick GaN buffer layer (not shown) and 
a 50-^m-thick GaN film 12 are grown through epitaxial 
growth on the sapphire substrate 1 1 by the HVPE meth- 



od. The conditions specified in the first embodiment are 
applied herein. 

[0094] Herein, because the mask 31 is made of Si02, 
which is a material that interferes with the epitaxial 

5 growth of GaN crystals, the GaN film 1 2 is not grown on 
the mask 31, and starts being grown through epitaxial 
growth on the sapphire substrate 1 1 from a portion po- 
sitioned at the opening portion of the mask 31 . When 
the GaN film 12 is grown through epitaxial growth to 

10 reach the top end of the mask 31 , the GaN crystals are 
then grown through lateral growth to the side surface 
along the surface of the mask 31 . Hence, the GaN crys-. 
tals eventually form the GaN film 1 2 that not only covers 
the opening portion of the mask 31 , but also the periph- 

'5 eral portion of the opening portion of the mask 31 . 
[0095] Then, in the step shown in FIG. 5C, the epitax- 
ial substrate is taken out from the HVPE apparatus, and 
laser light Is irradiated to the GaN film 12 (Including the 
GaN buffer layer) from the back surface of the sapphire 

20 substrate 11, whereby the sapphire substrate 11 and 
GaN film 12 are separated from each other. A beam of 
laser light specified in the first embodiment is also used 
herein. 

[0096] At this point, the laser light passes through the 

25 sapphire substrate 11 and the mask 31, whereas the 
back surtace portion of the GaN film 12 absorbs the la- 
ser light and generates heat. By Increasing the energy 
density of the laser tight satisfactorily, a portion of the 
GaN film 12 (including the GaN buffer layer) In contact 

30 with the sapphire substrate 1 1 and the mask 31 , that is. 
the back surtace portion, is decomposed in the vicinity 
of the interface by the heat thus generated. As a result, 
a portion of the GaN film 12 where laser tight was irra- 
diated Is separated from the sapphire substrate 11 and 

35 from the mask 31 . In the present embodiment, such a 
phenomenon can be confimied when the energy density 
of the laser light is nearly 0.4 J/cm^ or higher. 
[0097] Hence, by scanning a beam of laser light to the 
sapphire substrate 11 entirely, a thermal decomposition 

40 layer 32 resulting from decomposition of GaN is dis- 
posed entirely in a space between the sapphire sub- 
strate 1 1 and the GaN film 1 2 and between the mask 31 
and the GaN film 12. The thermar decomposition layer 
32 is generally a phase present as a mixture of liquid- 

45 drops of Ga, that is, droplets of Gafonned when N evap- 
orates, and solid fine particles. 
[0098] Because of the surface tension of the droplets 
of Ga produced at the time of decomposition, the GaN 
film 12 seldom peels off from the sapphire substrate 11 . 

50 [0099] Then, in the step shown in FIG. 5D, the epitax- 
ial substrate is introduced again into the HVPE appara- 
tus while the GaN film 12 is placed on the sapphire sub- 
strate 11. Then, the epitaxial substrate is subjected to 
thennnal cleaning by being heated to 700°C, after which 

55 the temperature of the epitaxial substrate is raised to 
1 000*C, whereby a 500-pjn-thick GaN film 15, which is 
a second semiconductor film, is grown through epitaxial 
growth on the GaN film 12. 
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[0100] Subsequently, In the step shown in FIG. 5E, 
the temperature of the substrate is lowered to room tem- 
perature. At this point, even if the sapphire substrate 11 
and the GaN films 12 and 15 adhere to each other by 
means of the thermal decomposition layer 32, because s 
the thennal decomposition layer 32 is composed of a 
fluid including liquid-drops, a thermal stress resulting 
from a difference in coefficients of themial expansion 
between the sapphire substrate 11 and the GaN films 
12 and 15 is applied little to the GaN films 12 and 15. io 
Then, the sapphire substrate 11 Is separated and re- 
moved from the GaN film 12 and the GaN film 15. As a 
result, a GaN substrate 35 (free-standing nitride semi- 
conductor wafer) having an area substantially as large 
as that of the sapphire substrate 11 is formed from the ^5 
GaN films 1 2 and 1 5 and the thennal decomposition lay- 
er 32. 

[0101] According to the present embodiment, the 
same advantages as those of the first embodiment can 
be exerted. In addition, according to the present embod- 20 
iment, the GaN crystals are not grown on the side sur- 
face of the sapphire substrate 11 . and for this reason, it 
is possible to decompose the back surface portion of the 
GaN film 12 in contact with the sapphire substrate 11 
entirely in a reliable manner. As a result, the GaN films 2s 
12 and 15 and the sapphire substrate 11 can be sepa- 
rated from each other smoothly, thereby making it pos- 
sible to obtain a free-standing GaN wafer (nitride semi- 
conductor wafer) with satisfactory reproducibility 
[0102] In the present embodiment also, by covering 
the sapphire substrate 11 with the mask 31 almost en- 
tirely and providing opening portions partially like in the 
fourth embodiment, it is possible to lower a density of 
dislocations. 

[0103] Also, in the present embodiment, as was in the 
second embodiment, the contact between the GaN film 
1 2 and the sapphire substrate 1 1 may be separated only 
at partial regions at the interface thereof by irradiating 
laser light. In this case, the GaN substrate can be ob- 
tained by decomposing a contact portion with irradiation 
of laser tight again or by removing the sapphire sub- 
strate 11 by means of grinding after the GaN film 15 is 
formed. Alternatively, the sapphire substrate 11 may be 
left Intact, so that all the sapphire substrate 11 and the 
GaN films 12 and 15 are used as one substrate in fab- 
ricating a device, such as a laser element. 

[Sixth Embodiment] 

[01 04] FIGS. 6A through 6E are partial cross sections 
(the illustration of the side surface of the substrate at the 
both ends is omitted herein) showing a manufacturing 
method of a semiconductor film according to a sixth em- 
bodiment of the present invention. 
[0105] In the step shown in FIG. 6A, the same treat- 
ment as the one in the step shown in FIG. 1 A of the first 
embodiment is applied. More specifically, a 30-nm-thlck 
GaN buffer layer (not shown) and a 10-^m-thick GaN 
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film 12 are grown through epitaxial growth on a sapphire 
substrate 11 by the HVPE method. The conditions spec- 
ified in the first embodiment are applied herein. 
[0106] in the present embodiment also, the phrase 
"GaN film 1 2" is construed to include the GaN buffer lay- 
er unless othenvise specified. In addition, the sapphire 
substrate 1 1 with the GaN film 1 2 or the like fomned ther- 
eon is simply referred to as the epitaxial substrate. 
[0107] Then, the sapphire substrate 11 and the GaN 
film 1 2 are cooled to room temperature within the HVPE 
apparatus. 

[0108] Subsequently, a 100-nm-thick Si02 film is 
formed on the GaN film 12 by means of sputtering, and 
the Si02 film is patterned by means of photolithography 
and wet etching, whereby a mask 21 made of Si02 is 
formed. The mask 21 has a stripe pattern having a width 
of 1 0 and a pitch interval of 5 \um, and the lengthwise 
direction of the stripe pattern is the < 1 1 -2 0 > direction 
of the GaN film 12. 

[0109] Then, in the step shown in FIG. 6B, regions of 
the GaN film 12 positioned at the opening portions of 
the mask 21 are etched away by means of reactive ion 
etching until the sapphire substrate 11 is exposed. 
[0110] Subsequently, the epitaxial substrate is taken 
out from the HVPE apparatus, and laser light is irradiat- 
ed to the GaN film 12 (including the GaN buffer layer) 
from the back surface of the sapphire substrate 11, 
whereby the sapphire substrate 1 1 and GaN film 12 are 
separated from each other. A beam of laser and a beam 
spot of the laser light specified in the first embodiment 
are also used herein. At this point, a beam of laser light 
scans the sapphire substrate 11 linearly in the < 1 -1 0 
0 > direction of the GaN film 12 that intersects at right 
angles with the lengthwise direction of the stripe pattem 
of the mask 21 , and this linear scanning Is repeated with 
a pitch interval of 1 mm in the direction intersecting at 
the right angles with the < 1 -1 0 0 > direction. Hence, 
by scanning a beam of laser light across the sapphire 
substrate 11 , a thermal decomposition layer 37 resulting 
from decomposition of GaN is disposed in a dot-wise 
manner in a space between the sapphire substrate 11 
and the GaN film 12. The thennal decomposition layer 
37 is generally a phase present as a mixture of liquid- 
drops of Ga, that is, droplets of Ga formed when N evap- 
orates, and solid fine particles. 

[0111] Then, in the step shown in FIG. 6C, the epitax- 
ial substrate is introduced again into the HVPE appara- 
tus while the GaN film 12 is placed on the sapphire sub- 
strate 11 . Then, the epitaxial substrate is subjected to 
thennal cleaning by being heated to 700'*C, after which 
the temperature of the epitaxial substrate is raised to 
1000°C, whereby a 500-p.m-thick GaN film 15, which is 
a second semiconductor film, is grown through epitaxial 
growth on the GaN film 12. 

[0112] Herein, the mask 21 is made of Si02, which Is 
a material that interferes with the epitaxial growth of 
GaN crystals. Also, portions of the GaN film 12 posi- 
tioned at the opening portions of the mask 21 have been 
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removed. Thus, the GaN film 15 is not grown on the 
mask 21, and starts being grown through epitaxial 
growth from the side surfaces of the GaN film 12 ex- 
posed to the opening portions of the mask 21 , and on 
the sapphire substrate 11 from portions exposed 
through the opening portions of the mask 21 . At this 
point, because GaN crystals are grown in the lateral di- 
rection from the side surfaces of the GaN film 12, GaN 
crystals grown through lateral growth from the side sur- 
faces opposing each other within the opening portions 
are eventually combined with each other, whereupon a 
supply of the raw material to the bottom surface of the 
opening portions is stopped, and so is the epitaxial 
growth from the sapphire substrate 11. Meanwhile, 
when the GaN film 15 is grown through epitaxial growth 
to reach the top end of the mask 21 , the GaN crystals 
are then grown through lateral growth along the surface 
of the mask 21 . 

[0113] Then, as shown in FIG. 60, the GaN crystals 
grown upward through the opening portions of the mask 
21 and the GaN crystals grown through lateral growth 
along the surface of the mask 21 from the top end of 
each opening portion of the mask 21 are combined with 
each other, and eventually form the GaN film 1 5 that en- 
tirely covers the mask 21 and the opening portions 
thereof. 

[0114] At this point, most of the GaN film 15 Is com- 
posed of GaN crystals grown through lateral growth 
from the GaN film 12. Hence, propagation of a defect, 
such as a dislocation caused by a lattice misfit between 
the GaN film 12 and the sapphire substrate 11 and ex- 
tending in a vertical direction, is prevented through the 
GaN film 15, and substantially no dislocation Is present 
in the GaN film 1 5. In the present embodiment, a density 
of dislocations in all the regions of the GaN film 15 is 
one to two orders lowerthan that of the GaN film 1 5 man- 
ufactured in the first embodiment. 
[0115] Subsequently, in the step shown in FIG. 6E, 
the temperature of the substrate is lowered to room tem- 
perature. At this point, the sapphire substrate 1 1 and the 
GaN films 12 and 15 may be adhering to each other by 
means of the thermal decomposition layer 37. However, 
the thennat decomposition layer 37 is composed of a 
fluid including liquid-drops. Also, gaps 40 are produced 
at the respective opening portions of the mask 21 due 
to the suspension of a supply of the raw material. Hence, 
the sapphire substrate 11 and the GaN films 12 and 15 
are in contact with each other only at portions where la- 
ser light was irradiated. This makes a thermal stress re- 
sulting from a difference in coefficients of themial ex- 
pansion between the sapphire substrate 1 1 and the GaN 
films 12 and 15 and applied to the GaN films 12 and 15 
extremely small. Then, the sapphire substrate 11 is sep- 
arated and removed from the GaN films 12 and 15 and 
the mask 21. As a result, a GaN substrate 39 (free- 
standing nitride semiconductor wafer) having an area 
substantially as large as that of the sapphire substrate 
11 can be obtained from the GaN films 12 and 15, the 



mask 21 , and the themrial decomposition layer 37. 
[0116] According to the present embodiment, the 
same advantages as those of the first embodiment can 
be exerted. In addition, according to the present embod- 

5 iment, because most of the GaN film 1 5 is composed of 
GaN crystals grown through lateral growth from the GaN 
film 12, it is possible to obtain a good-quality GaN film 
15 having an extremely low density of dislocations. 
[0117] Also, because the gaps are produced at the 

10 opening portions of the mask 21 when a supply of the 
raw material is stopped in the step shown in FIG. 6D, 
an area of the contact portions is reduced, and so is a 
thermal stress that would cause a breaking or a chipping 
at the time of cooling. 

IS [01 1 8] The back surface of the GaN substrate 39, that 
is, the surface in contact with the sapphire substrate 11 , 
may be polished until it becomes flat. Further, in case 
that the mask 21 made of Si02 causes inconveniences 
In the latter steps, the back surface may be polished until 

20 the GaN film 1 2 and the mask 21 are removed. 

. [0119] Also, in the present embodiment, laser light is 
Irradiated after the mask 21 Is fonned, so that the GaN 
film 12 is separated from the sapphire substrate 1 1 par- 
tially at the interface. However, these components may 

25 be separated entirely at the interface thereof. 

[01 20] Also, in the present embodiment, the sapphire 
substrate 11 is removed from the GaN films 12 and 15. 
However, the sapphire substrate 11 may be left intact, 
so that all the sapphire substrate 11 and the GaN films 

30 12 and 15 are used as one substrate in fabricating a 
device, such as a laser element. 

[Seventh Embodiment] - 

35 [0121] FIGS. 7A through 7E are partial cross sections 
(the illustration of the side surface of the substrate at the 
both ends is omitted herein) showing a manufacturing 
method of a semiconductor fiim according to a seventh 
embodiment of the present invention. 

40 [0122] In the step shown in FIG. 7A. a 100-nm-thick 
SiOg film is f ornied on a sapphire substrate 1 1 by means 
of CVD, and the Si02 film is patterned by means of pho- 
tolithography and wet etching, whereby a mask 24 made 
of Si02 is fonned. The mask 24 has a stripe pattern hav- 

45 ing a width of 5 jim and a pitch interval of 5 p.m, and the 
lengthwise direction of the stripe pattern is the < 1 -1 0 
0 > direction of the sapphire substrate 11 . 
[0123] Then, in the step shown In FIG. 7B, the sap- 
phire substrate 11 is introduced into an HVPE appara- 

50 tus, and a 30-nm-thick GaN buffer layer (not shown) and 
a 50-nm-thick GaN film 12 are grown through epitaxial 
growth on the sapphire substrate 1 1 by the HVPE meth- 
od. The conditions specified in the first embodiment are 
applied herein. 

55 [0124] Herein, because the mask 24 is made of Si02, 
. which is a material that interferes with the epitaxial 
growth of GaN crystals, the GaN film 1 2 is not grown on 
the mask 24, and starts being grown through epitaxial 
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growth on the sapphire substrate 11 from portions posi- 
tioned at the opening portions of the nnask 24. When the 
GaN film 12 is grown through epitaxial growth to reach 
the top end of the mask 24, the GaN crystals are then 
grown through lateral growth along the surface of the s 
mask 24. 

[01 25] Then , the GaN crystals grown upward through 
the opening portions of the mask 24 and the GaN crys- 
tals grown through lateral growth along the surface of 
the mask 24 from the top end of each opening portion io 
of the mask 24 are combined with each other, and even- 
tually foRTi the GaN film 1 2 that entirely covers the mask 
24 and the opening portions thereof. 
[0126] At this point, a defect, such as a dislocation 
caused by a lattice misfit between the GaN film 12 and is 
the sapphire substrate 1 1 and extending in a vertical di- 
rection, is propagated through the GaN film 12 in the 
regions positioned above the opening portions of the 
mask 24. However, propagation of a defect, such as a 
dislocation, is prevented through the GaN film 12 in the 20 
regions positioned above the mask 24, and substantially 
no dislocation is present in these regions. 
[0127] Then, in the step shown in FIG. 7C, a 1 00-nm- 
thick Si02 film is formed on the GaN film 1 2 by means 
of sputtering, and the Si02 film is patterned by means 2s 
of photolithography and wet etching, whereby a mask 
41 made of SIO2 is fomned. The mask 41 has a stripe 
pattern having a width of 5 ^m and a pitch interval of 5 
p,m, and covers above the opening portions of the mask 
24. 30 
[0128] Also, in the step shown in FIG. 7C, the epitaxial 
substrate Is taken out from the HVPE apparatus, and 
laser light is irradiated to the GaN film 12 (including the 
GaN buffer layer) from the back surface of the sapphire 
substrate 11, whereby the sapphire substrate 11 and 35 
GaN film 12 are separated from each other. A beam of 
laser light specified in the first embodiment Is also used 
herein. 

[0129] At this point, the laser light passes through the 
sapphire substrate 11 and the mask 24, whereas the ^ 
back surface portion of the GaN film 12 absorbs the la- 
ser light and generates heat. By increasing the energy 
density of the laser light satisfactorily, a portion of the 
GaN film 12 (including the GaN buffer layer) in contact 
with the sapphire substrate 1 1 and the mask 24, that is, 45 
the back surface portion, is decomposed in the vicinity 
of the interface by the heat thus generated. As a result, 
a region of the GaN film 12 where laser light was irradi- 
ated is separated from the sapphire substrate 11 and 
from the mask 24. In the present embodiment, such a so 
phenomenon can be confirmed when the energy density 
of the laser light is nearly 0.4 J/cm2 or higher. 
[0130] IHence, by scanning a beam of laser light to the 
sapphire substrate 11 entirely, a thermal decomposition 
layer 25 resulting from decomposition of GaN is dis- ss 
posed in a space between the sapphire substrate 1 1 and 
the GaN film 1 2 and between the mask 24 and the GaN 
film 12. The themnal decomposition layer 25 is generally 



a phase present as a mixture of liquid-drops of Ga, that 
is, droplets of Ga formed when N evaporates, and solid 
fine particles. 

[0131] Because of the surface tension of the droplets 
of Ga produced at the time of decomposition, the GaN 
film 12 seldom peets off from the sapphire substrate 1 1 . 
[0132] Then, in the step shown in FIG. 7D, the epitax- 
ial substrate is introduced again into the HVPE appara- 
tus while the GaN film 1 2 is placed on the sapphire sub- 
strate 11. Then, the epitaxial substrate is subjected to 
thermal cleaning by being heated to 700*'C. after which 
the temperature of the epitaxial substrate is raised to 
1000*>C, whereby a 500-p,m-thick GaN film 15, which is 
a second sem Conductor film, is grown through epitaxial 
growth on the GaN film 12. 

[0133] At this point, because the mask 41 is made of 
Si02. which is a material that interferes with the epitaxial 
growth of GaN crystals, the GaN film 15 is not grown on 
the mask 41 . and starts being grown through epitaxial 
growth on the GaN film 1 2 from portions positioned at 
the opening portions of the mask 41 . When the GaN film 
15 is grown through epitaxial growth to reach the top 
end of the mask 41 , the GaN crystals are then grown 
through lateral growth along the surface of the mask 41 . 
[0134] Then, the GaN crystals grown upward through 
the opening portions of the mask 41 and the GaN crys- 
tals grown through lateral growth along the surface of 
the mask 41 from the top end of each opening portion 
of the mask 41 are combined with each other, and even- 
tually form the GaN film 1 5 that entirely covers the mask 
41 and the opening portions thereof. 
[0135] At this point, regions of the GaN film 12 posi- 
tioned above the opening portions of the mask 24, that 
is, regions to which a defect, such as a dislocation, is 
propagated, is covered with the mask 41 , which makes 
it possible to prevent propagation of a defect, such as a 
dislocation, to the GaN film 15. On the other hand, the 
GaN film 15 is grown through epitaxial growth on the 
regions of the GaN film 12 positioned above the mask 
24. that is. regions to which a defect, such as a disloca- 
tion, is seldom propagated, and for this reason, the GaN 
film 1 5 as a whole forms a low dislocation density region. 
In the present embodiment, a density of dislocations in 
the GaN film 15 as a whole is one to two orders lower 
than that of the GaN film 15 manufactured in the first 
embodiment. 

[0136] Subsequently, in the step shown in FIG. 7E, 
the temperature of the substrate is towered to room tem- 
perature. At this point, even if the sapphire substrate 11 
and the GaN films 12 and 15 adhere to each other by 
means of the themnal decomposition layer 25, because 
the thermal decomposition layer 25 is composed of a 
fluid including liquid-drops, a themnal stress resulting 
from a difference in coefficients of thermal expansion 
between the sapphire substrate 11 and the GaN films 
12 and 15 is applied little to the GaN films 12 and 15. 
Then, the sapphire substrate 11 is separated and re- 
moved from the GaN films 12 and 15 and from the 
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masks 24 and 41 . As a result, a GaN substrate 45 (free- 
standing nitride semiconductor wafer) having an area 
substantially as large as that of the sapphire substrate 
11 is formed from the GaN films 12 and 15, the masks 
24 and 41 , and the thermal decomposition layer 25. 
[0137] According to the present embodiment, the 
same advantages as those oif the first embodiment can 
be exerted. In addition, according to the present embod- 
iment, It is possible to obtain the GaN substrate 45 hav- 
ing regions with a low density of dislocations as a whole. 
[0138] The back surface of the GaN substrate 45, that 
is, the surface in contact with the sapphire substrate 11 , 
may be polished until it becomes flat. Further, in case 
that the masks 24 and 41 made of Si02 cause incon- 
veniences in the latter steps, the back surface may be 
polished until the GaN film 12 and the masks 24 and 41 
are removed. 

[0139] Also, In the present embodiment, laser light is 
irradiated after the masks 24 and 41 are fomned, so that 
the GaN film 1 2 is separated from the sapphire substrate 
1 1 entirely at the interface. However, as was in the sec- 
ond embodiment, the contact between these compo- 
nents may be separated only at partial regions at the 
interface. In this case, the GaN substrate can be ob- 
tained by decomposing a contact portion with irradiation 
of a laser beam again or by removing the sapphire sub- 
strate 11 by means of grinding after the GaN film 15 is 
fonned. Alternatively, the sapphire substrate 11 may be 
left intact, so that all the sapphire substrate 11 and the 
GaN films 12 and 15 are used as one substrate in fab- 
ricating a device, such as a laser element. 
[0140] Also, a stripe-wise pattern is given as a plane 
pattern of the mask 24 in the present embodiment. How- 
ever, the same advantages as those In the present em- 
bodiment can be achieved whether the pattem is a dot- 
wise pattern, a tessellated pattem, etc. 
[0141] Further, in the present embodiment, because 
the side surface of the sapphire substrate 1 1 is also cov- 
ered with the mask 24 made of the Si02 film, the GaN 
films 12 and 15 are not deposited on the side surface of 
the sapphire substrate 11 . which offers extra advantag- 
es that the sapphire substrate can be removed more 
readily. 

(Example) 

[01 42] The present example will describe a light emit- 
ting diode fabricated by using the GaN wafer (GaN film 
15) manufactured in any of the embodiments above. 
[0143] Initially, an n-type GaN crystalline film having 
a thickness of approximately 4 ^m is grown through epi- 
taxial growth on the GaN wafer by using a metal organic 
vapor phase epitaxy apparatus. Herein, a crystal growth 
temperature is 1030**C, trimethylgallium is used as a Ga 
raw material, and NH3 is used as a N raw material. Also, 
SiH4 Is used as a raw material of Si serving as a donor 
impurity, and H2 is used as a carrier gas. Then, the car^ 
riergas is switched to N2 and the crystal growth temper- 



ature is lowered to BOCC, whereby an n-type InGaN 
crystalline film having a thickness of approximately 20 
nm is grown through epitaxial growth on the n-type GaN 
crystalline film. Herein, trimethylindium is used as a raw 

5 material of In. Subsequently, the crystal growth temper- 
ature is raised again to 1 020''C. whereby a p-type GaN 
crystalline film having a thickness of approximately 800 
nm is grown through epitaxial growth. Herein, cyclopen- 
tadienylmagnesium is used as a raw material of Mg 

10 serving as an acceptor impurity. 

[0144] Then, after the p-type GaN crystalline film is 
grown through epitaxial growth, the GaN wafer is sub- 
jected to annealing at TOO^'C for 20 minutes In a nitrogen 
atmosphere by an annealing device, so that resistivity 

15 of the uppermost p-type GaN crystalline film is further 
reduced. 

[0145] Then, after the annealing, a Ti/AI electrode of 
a multi-layer structure is fonmed on the n-type GaN crys- 
talline film as an ohmic electrode, and a Ni/Au electrode 
^ is formed on the p-type GaN crystalline film. Subse- 
quently, the wafer is cut, and divided into chips of 500 
nm square, each of which is used as a light emitting di- 
ode. 

[0146] An evaluation of characteristics of these light 
25 emitting diodes reveals that quite satisfactory charac- 
teristics are obtained with respect to the entire sub- 
strate. 

[01 47] In view of the foregoing results, it is understood 
that according to the manufacturing methods of the 
30 present invention, a breaking or warpage (distortion) In 
the GaN film 1 5 can be controlled, thereby making it pos- 
sible to enhance a yield of the light emitting diodes or 
semiconductor lasers. 

35 [Other Embodiments] 

[0148] In each of the embodiments above, the sap- 
phire substrate measuring two inches across was used. 
However, by using a sapphire substrate of a larger area 

40 or a substrate made of other materials, it is still possible 
to manufacture a nitride semtoonductor substrate while 
controlling a breaking or a chipping. 
[01 49] In addition, in each of the embodiments above, 
a beam of laser from a NdA'AG laser was used in sep- 

45 arating the sapphire substrate from the GaN film, but 
any beam of laser can be used as long as it has a wave- 
length corresponding to energy larger than the absorp- 
tion edge of the nitride semtoonductor and can penetrate 
the substrate. For example, a beam of laser from a KrF 

50 excimer laser (248 nm) or from a XeCI excimer laser 
(308 nm) is also applicable for use in separation. 
[0150] Also, when the nitride semiconductor film 
(GaN film in each of the embodiments above) that cor- 
responds to the nitride semiconductor substrate is man- 

55 ufactured. it may be arranged in such a manner that a 
raw material including the group II, IV, or VI elements is 
used and the raw material is added to the group II, IV, 
or Vi elements. For example, a nitride semiconductor 
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substrate having n-type conduction can be obtained by 
adding SI, Ge, Se, etc. as an impurity, whereas a nitride 
semiconductor substrate having p-type conduction can 
be obtained by adding Be. Mg, Zn. etc. as an impurity. 
[01 51] In the third, fourth, fifth, sixth, and seventh em- s 
bodiments, the silicon dioxide (SIO2) film was used as 
a material of the mask, but any material can be used as 
long as substantially no nitride semiconductor is grown 
thereon. For example, oxides, such as titanium oxide 
(TIOJ and zirconium oxide (ZrOJ, nitrides, such as sil- 10 
icon nitride (Sij^Ny), high-melting point metal (refractory 
metal), such as Ni, Mo, W, and Co, etc. can be used as 
a material of the mask. 

[01 52] Also, in each of the embodiments above, H2 or 
a mixed gas of N2/H2 may be used as the carrier gas is 
used when fomriing the GaN film, 
[0153] Further, each of the embodiments above de- 
scribed a case where a GaN film is formed on the sap- 
phire substrate or where a free-standing GaN substrate 
(GaN wafer) is manufactured. It should be appreciated, 20 
however, that the manufacturing methods of a semicon- 
ductor film of the present invention are not limited to the 
manufacturing of a GaN film or a GaN substrate, and is 
also applrcable in manufacturing any other kind of sem- 
iconductor film (or a semiconductor substrate) including 25 
nitrogen, and the same advantages can be obtained in 
each case. In short, the present invention can be applied 
to a semiconductor film (or a semiconductor substrate) 
including N and at least one element selected from Ga, 
Al, B, As, In. P and Sb in its composition, A typical ex- 30 
ample is a semiconductor film (or a semiconductor sub- 
strate) expressed by a general fonnula 
BxAlyGa^ln^.x-y-zN. where 0<x<1, 0<y<1, 0<z<1, and 
0<x+y+z<1 , and to be more concrete, the examples In- 
clude an AIN film (or an AIN substrate), an AlGaN film 35 
(or an AlGaN substrate), an InGaN film (or an InGaN 
substrate), an AIGaInN film (or an AIGaInN substrate), 
a BN film (or a BN substrate), a BAIN film (a BAIN sub- 
strate), a BGaN film (or a BGaN substrate), etc. 
[0154] Also, the sapphire substrate was used as a ^ 
substrate that will be used as an underiying substrate 
when fomriing a semiconductor film or a semiconductor 
substrate of the present invention in each of the embod- 
iments above. However, when a light transmitting sub- 
strate other than the sapphire substrate, such as a spi- 
nel substrate, Is used, laser light also can pass through 
the substrate, and therefore, it is possible to separate 
the substrate from the GaN film by exploiting the prop- 
erties that laser light is absortsed only into the GaN film. 
[0155] Herein, laser light having energy larger than a so 
bandgap of GaN needs to be used, and besides the third 
hamnonics from the NdA'AG laser, laser light from an 
exclmer KrF laser (wavelength: 248 nm) or the like Is 
preferably used. 



Claims 

1. A manufacturing method of a semiconductor film, . 
comprising: 

a step (a) of forming a first semiconductor film 
on a light transmitting substrate; 
a step (b) of separating contact between said 
substrate and said first semiconductor film at 
least at a part of an interface thereof by irradi- 
ating light in a space between said substrate 
and said first semiconductor film; and 
a step (c) of allowing growth of a second sem- 
iconductor film on said first semiconductor film 
while said first semiconductor film is placed on 
said substrate, 

at least said first and second semiconductor 
films being used as a semiconductor substrate. 

2. The manufacturing method of a semiconductor film 
according to claim 1 , wherein: 

in said step (b), at least a part of a region of said 
first semiconductor film adjacent to said sub- 
strate is turned Into a thermal decomposition 
layer. 

3. The manufacturing method of a semiconductor film 
according to claim 1 , wherein: 

in said step (b), the contact between said first 
semiconductor film and said substrate Is sepa- 
rated at the Interface thereof almost entirely. 

4. The manufacturing method of a semiconductor film 
according to claim 1 , wherein: 

in said step (b), the contact between said first 
semiconductor film and said substrate Is sepa- 
rated only at a part of the Interface thereof. 

5. The manufacturing method of a semiconductor film 
according to claim 1 , further comprising: 

a step of forming a first mask provided with an 
opening portion on said substrate, said step 
preceding said step (a), 

wherein, in said step (a), said first semicon: 
ductorfilm is grown on said substrate from a portion 
exposed through the opening portion of said first 
mask. 

6. The manufacturing method of a semiconductor film 
according to claim 5, wherein: 

said first mask covers a side surtace of said 
substrate. 
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7. The manufacturing method of a semiconductor fiim 
according to claim 5, wherein: 

said first mask transmits light; and 
in said step (b), contact between said first sem- 
iconductor film and said first mask is separated 
at least at a part of an interface thereof. 

8. The manufacturing method of a semiconductor film 
according to claim 5, further comprising: 

a step of fonning, on said first semiconductor 
film, a second mask covering at least above the 
opening portion of said first mask and provided 
with an opening portion above said first mask, 
said step succeeding said step (a) and preced- 
ing said step (b). 

wherein, in said step (c), said second semi- 
conductor fiim is grown on said first semiconductor 
film from a portion positioned at the opening portion 
of said second mask. 

9. The manufacturing method of a semiconductor film 
according to claim 5, wherein: 

said first mask is fonned from at least one film 
selected from the group consisting of an oxide 
film, a nitride film, an oxynitride film, and a re- 
fractory metal film. 

10. The manufacturing method of a semiconductor film 
according to claim 1 , further comprising: 

a step of fomilng. on said first semiconductor 
film, a third mask provided with an opening por- 
tion and furnished with a function of interfering 
with crystal growth of said second semiconduc- 
tor film, said step succeeding said step (a) and 
preceding said step (b), 

wherein, In said step (c), said second semi- 
conductor film is grown on said first semiconductor 
film from a portion exposed through the opening 
portion of said third mask. 

1 1 . The manufacturing method of a semiconductor film 
according to claim 1 , further comprising: 

a step of forming a fourth mask provided with 
an opening portion on said first semiconductor 
film, said step succeeding said step (a) and pre- 
ceding said step (b); and 
a step of removing a region of said first semi- 
conductor film positioned at the opening portion 
of said fourth mask by etching away said first 
semiconductor film with said fourth mask, said 
step succeeding said step (b) and preceding 



said step (c), 

wherein, in said step (c), said second semi- 
conductor film is grown on said first semiconductor 
5 film from a portion exposed through an opening por- 
tion of said first semiconductor film. 

12. The manufacturing method of a semiconductor film 
according to claim 1 , wherein: 

10 

in said step (a), a compound semiconductor 
. film including nitrogen is formed as said first 
semiconductor film. 

IS 1 3. The manufacturing method of a semiconductor film 
according to claim 12, wherein: 

In said step (a), a compound semiconductor 
film including N and at least one element se- 
20 lected from the group consisting of Ga, Al, B, 

As, In, P and Sb in a composition thereof is 
fornied as said first semiconductor film. 

14. The manufacturing method of a semiconductor film 
25 according to claim 1 , wherein: 

In said step (c), a compound semiconductorfilm 
including nitrogen Is fomied as said second 
semiconductor film. 

30 

15. The manufacturing method of a semiconductorfilm 
according to claim 14, wherein: 

in said step (c), a compound semteonductor film 
^ Including N and at least one element selected 

from the group consisting of Ga, Al, B, As, In, 
P and Sb in a composition thereof Is fomried as 
said second semiconductor film. 

40 1 6. The manufacturing method of a semiconductor film 
according to claim 1 , wherein: 

In said step (a), a thickness of said first semi- 
conductor film is set to 200 ^m or less. 

45 

17. The manufacturing method of a semiconductorfilm 
according to claim 1 , wherein: 

In said step (b), a value of irradiation energy of 
so said light is in a range from 0.1 J/cm^ to 20 J/ 

cm^ both Inclusive. 

18. The manufacturing method of a semiconductorfilm 
according to claim 1 , further comprising: 

55 

a step (d) of removing said substrate after said 
step (c). 
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